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Abstract 
The aim of the study was to assess, using kinematic and electromyographic equipment, artisanal production of traditional Italian 
confectionery. Five young male skilled workers, all right-handed, were enrolled in the study. For each worker we did three 
acquisitions consisting in the production of five pastries. We compared production of custard confectionery using plastic piping 
bags versus canvas piping bags and the use of canvas piping bags while producing almond confectionery versus custard ones. For 
both almond cream and custard we used a 16 channel Wi-Fi surface electromyography system (FreeEMG, BTS SpA, Milan, 
Italy) for sEMG recordings. We investigated the following muscles on the right side of the body: deltoideus anterior, long head 
of the triceps brachii, short head of the biceps brachii, brachioradialis, flexor carpi radialis and inter osseus. Maximal voluntary 
isometric contraction from each muscle was performed according to the SENIAM recommendations. The mean activation of 
each studied muscle was then computed. An optoelectronic motion analysis system (SMART DX6000, BTS, Milan, Italy) was 
used for kinematic assessment. We investigated neck, trunk, and left and right elbow flexion. The results suggest the use of 
plastic piping bags rather than canvas piping bags while producing custard confectionery. Furthermore, because of the higher 
density of almond cream production of almond confectionery showed higher muscle effort with respect to custard processing 
while using canvas piping bags. Production of almond confectionery using canvas piping bags versus production using plastic 
piping bags was not investigated because of the breakdown of the plastic piping bags dues to the high density of almond cream. 
Lastly, on the basis of our experience we suggest the use of electromyography to objectively quantify muscle effort in this kind 
of task.  
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1. Introduction 
Despite the second highest rate of carpal tunnel syndrome of any occupation [1] artisanal pastry production has 
not been investigated in the literature. Harris et al. [1] studied sEMG activities of extensor digitorum, abductor 
pollicis longus and flexor digitorum superficialis to investigate differences between two different devices for cake 
design in artisanal pastry workers. They found lower levels of sEMG in workers while using a new device rather 
than the classical piping bag thanks to the reduced gripping force required by the new device. The aim of the present 
study was to investigate sEMG, kinematic and cycle time parameters while producing pastry at different viscosities 
(custard cream and almond cream) and with two piping bags having different grips (canvas and plastic). 
2. Materials and methods 
2.1. Participants 
Five male workers with more than 5 years’ working experience were enrolled in the study; the workers’ mean 
(SD) age, height and weight were 38 years (4.7), 176 cm (6.1) and 76 kg (8.2), respectively. The workers voluntarily 
performed the study trials in the workshop. None of the participants had a history of either musculoskeletal disorders 
or neurological diseases. No information regarding the expected results was provided in order to avoid the results 
being biased, whether consciously or unconsciously. 
2.2. Instrumentation 
An optoelectronic motion analysis system (SMART-DX6000, BTS, Milan, Italy) [2], consisting of eight infra-red 
ray cameras (operating at 340 Hz), was used. Spherical markers, covered with aluminum powder reflecting material, 
were placed over prominent bony landmarks using simplified versions of the Rab model [3]. Eleven markers were 
placed as follows: one on the external occipital protuberance, one on the cutaneous projections of the spinous 
processes of the 7th cervical vertebra, and one over the sacrum, while the remainder were placed bilaterally over the 
acromion, the oleocranon, the ulnae and the radio. The markers were attached in such a way that they could not fall 
out of place during data acquisition. 
A calibration procedure was performed before the first data were captured. Kinematic data were acquired and 
digitized with a sampling rate of 340 Hz. Spatial accuracy was < 0.2 mm in the calibrated volume, which was 
approximately 2 m long, 1.5 m wide and 2 m high. 
Electrical muscle activity was recorded using a 16 channel Wi-Fi surface electromyography system (FreeEMG, 
BTS SpA, Milan, Italy) at a sampling frequency of 1 kHz.  
After skin preparation, surface electromyographic signals were detected from each muscle by two Ag/AgCl pre-
gelled disposable surface electrodes (H124SG, Kendall ARBO, Donau, Germany) which had a detection surface of 
10 mm (gelled). Electrodes were placed in the direction of the muscle fibers, according to the Atlas of muscle 
innervation zones [4], with a centre-to-centre distance of 20 mm. We investigated the following muscles on the right 
side of the body: Deltoideus Anterior (DA), long head of the Triceps Brachii (TRIC), short head of the Biceps 
Brachii (BB), Brachioradialis (BRAC), Flexor Carpi Radialis (FLEX) and Interosseus (IO). 
In order to elicit the maximal voluntary isometric contraction (MVCi) from each muscle, six isometric exertions 
were performed, according to the SENIAM indications [5].  
Figure 1 shows marker and probe placements in one of the subjects studied. 
Data from the optoelectronic cameras and the sEMG signal were synchronized and integrated.  
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Fig. 1. Frontal and posterior view of marker and sEMG probe placement. 
2.3. Experimental procedures 
Measurements took place in a quiet room with normal indoor temperature and lighting; the working height was 
90 cm, We did three acquisitions for all five workers. Each acquisition was based on the production of five 
sweetmeats. The tip of both piping bags had a diameter of 8 mm. 
2.4. Data processing 
The data yielded by a frame-by-frame tracking procedure (Smart Tracker, BTS, Milan, Italy) were processed 
using Analyzer software (Smart Analyzer, BTS, Milan, Italy).  
The x-axis of the local Cartesian coordinate system lay on the subject’s sagittal plane. After 5 Hz low-pass 
filtering, neck, right elbow, left elbow and trunk flexion were determined. The task duration was reduced to 100 
samples using a polynomial procedure. For each angle, the mean value was calculated.  
The sEMG signals were rectified, integrated with a mobile window of 0.125 s, filtered with a 5 Hz Hamming 
low-pass filter and normalized to the maximum value of the MVCi. The mean activation values for each muscle 
were then calculated. 
The average cycle time was also computed. 
2.5. Statistical analysis  
All the analyses were performed using SPSS Statistics 17.0 software (SPSS Inc., Chicago, IL, USA). The mean 
and standard deviations (SD) of all the kinematic and electromyographic parameters were calculated for cream 
(almond and custard) and both types of piping bag (plastic and canvas). A parametric paired t-test was used to detect 
any significant differences. P-values of less than 0.05 were considered statistically significant. 
 
 
4318   Alessio Silvetti et al. /  Procedia Manufacturing  3 ( 2015 )  4315 – 4321 
 
Fig. 2. A sample of interosseus activity while producing custard using a canvas piping bag. The image shows the five peaks (in red) 
corresponding to the five sweetmeats produced and mean activity and standard deviation (in green). 
3. Results 
Figure 2 contains a sample of the data we recorded after processing. The recordings clearly illustrate the activity 
of the interosseus while producing custard pastry using a canvas piping bag. The green line represents the mean 
activity and standard deviation. 
3.1. Posture results 
The results of the parametric paired t-test analysis show a statistically significant differences for posture analysis 
in all parameters investigated (neck, trunk, left elbow and right elbow flexion) comparing production of custard 
pastry to that of almond pastry using canvas piping bags. Figure 3a illustrates mean values and SD.  
No statistically significant difference comparing production of custard pastry using canvas piping bags and 
plastic piping bags was found, as illustrated in Figure 4a. 
3.2. sEMG results 
The results of the parametric paired t-test analysis show a statistically significant differences for sEMG activity in 
all muscles investigated except for TRIC. Indeed DA, BIC, BRACH, FLEX and IO showed higher sEMG activities 
while producing almond pastry compared to custard pastry using canvas piping bags, as illustrated in Figure 3b. 
We also found statistically significant differences in production of custard cream using plastic piping bags rather 
than canvas piping bags in the BRACH, FLEX and IO muscles, as illustrated in Figure 4b.  
3.3. Cycle time results 
We also found statistically significant differences in cycle time in both comparison, as illustrated in Figures 3c 
and 4c. 
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Fig. 3. Results of comparison between almond (light grey) pastry and custard (dark grey) pastry using canvas piping bags: (a) posture; (b) sEMG
activity; (c) cycle time. *Significant differences. 
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Fig. 4. Results of comparison between plastic piping bag (light grey) and canvas piping bag (dark grey) while producing custard pastry (a) 
posture; (b) sEMG activity; (c) cycle time. *Significant differences. 
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4. Discussion 
Because of the breakdown of the plastic piping bag due to the high density of the almond cream it was not 
possible to compare the use of the plastic piping bag to that of the canvas piping bag in production of almond pastry 
and to compare the production of almond pastry using the plastic piping bag and the production of custard pastry 
using the canvas piping bag. Therefore it was possible to make a comparison between the following: 1) production 
of custard pastry using plastic piping bags and canvas piping bags; 2) use of the canvas piping bag in the production 
of custard pastry compared to almond pastry. 
The results underlined that in the production of custard pastry use of the plastic piping showed lower muscular 
activity values, with a statistically significant difference, compared to the use of the canvas piping bag, in the 
BRACH, FLEX and IO muscles. In the cycle time a statistically significant difference was also found; indeed, the 
production of custard pastry using the plastic piping bag showed lower values than the use of the canvas piping bag. 
By contrast, no statistically significant difference was found in postural analysis. 
As regards comparison between production of almond pastry and custard pastry using the canvas piping bag, 
statistically significant differences were found in all the muscles investigated except for TRIC. Postural analysis also 
highlighted statistically significant differences: production of almond pastry showed higher values for neck, trunk 
and left elbow bending. Finally, the cycle time was also significantly higher in production of almond pastry than in 
production of custard pastry. 
In conclusion, direct observation in the field and a more detailed analysis in the workshop where the pastry was 
produced made it possible to furnish useful indications, from the point of view of both work organization and the 
equipment to be used in artisanal production of typical pastry; in this connection, the indication was given to 
optimize the placing of breaks, so as to obtain an adequate ratio between repetitive work and recovery and use time. 
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